Inertial confinement fusion (ICF) simulations present a number of challenges for equation of state (EOS) models. For ablator materials, the EOS needs to represent widely varying regions of density-temperature space, from the cryogenically cooled initial conditions and the low-density, high-temperature region near the ablation front, through the warm-dense-matter region with multiple shocks, to the deep release states generated at the ablator-fuel interface, and subsequent higher density material as the ablator compresses the fuel. Different regions of density-temperature space are sensitive to different features of the EOS -for example, the atomic shell structure is important near the ablation front, and plays less of a role under compression, while the location of the melt curve is irrelevant for ablation, but is a very important design consideration in determining the strength of the first shock. In order to perform well in hydrocode simulations, the EOS model must meet the challenge of incorporating all these effects and more in a model that is thermodynamically valid and consistent across the entire density-temperature range of interest.
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This presentation discusses some of the approaches used in developing the EOS models for ablator materials in current use at LLNL in simulations of ICF experiments at the National Ignition Facility (NIF). We discuss the development of the EOS for the glow discharge polymer (GDP) ablator material, which followed a fairly traditional EOS development approach with extensive reliance on experimental data, including the impedance match data between GDP and deuterium obtained from keyhole experiments at NIF [1].
Our latest diamond EOS uses a different approach, with reliance on both experiment and an extensive set of theoretical data from ab initio simulations [2] . This multiphase EOS represents individual solid phases together with the melt phase, resulting a highly detailed EOS with abrupt phase boundaries. When taken together with the hydrocode requirement that the EOS should be decomposed into electron-thermal, ion-thermal and cold contributions, the multiphase character challenged the capabilities of hydrocodes, which work best with less abrupt changes in EOS. We will discuss the changes adopted in both the EOS model and hydrocodes in order to perform stable simulations. Finally, boron carbide provides an example in which both ab initio simulations and experimental data indicated the need for a significant update in the previously used empirical EOS model. This case demonstrates how new experiments in multi-megabar regimes can provide important constraints on ICF-relevant regions of the EOS that were previously undetermined. Such experiments are essential for the development and validation of EOS models for ICF simulations.
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